Stimulated polymorphonuclear leukocytes have been shown by this laboratory to release a reactiveoxygen species (ROS) which is detectable in the supernatant and is capable of oxidizing reduced glutathione and reacting with methionine (Sagone et al., Blood 63:96-104, 1984). This ROS is dependent on H2O0 and heme for its production and is postulated to be a stable oxidant derived from hypochlorous acid, such as a chloramine. Further, this ROS was also shown to be able to oxidize and fix iodide to protein. This latter characteristic was the theoretical basis for our present study in which the same ROS was shown to be able to carry out the iodination of 3,3,5'-triiodothyronine to thyroxine in the presence of I-. Our results provide further support that granulocytes have a role in the peripheral utilization of thyroid hormones in patients with infectious diseases or other illnesses in which granulocytes may be activated, and our results indicate that the reactions may occur extracellularly.
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Stimulated polymorphonuclear leukocytes (PMNs) generate a number of reactive-oxygen species (ROS). These include superoxide (02-), hydrogen peroxide (H202), and hydroxyl radical (OH .). In addition, hypochlorous acid is produced after the reduction of H202 by the myeloperoxidase (MPO) system. The ROS generated by this latter system may be important in several reactions known to be mediated by PMNs. These include the capacity of activated granulocyte suspensions to fix halogen onto protein (6, 7, 9, 12) and to oxidize reduced soluble sulfhydryls (11) , methionine (16) , and N-formylmethionyl proteins (17) , as well as to inactivate methionine enkephalin (18) and serum alpha protease inhibitors (1) .
We have recently demonstrated that stimulated granulocytes release a ROS which is stable enough to be detected in the supernatant (12a) . This compound is dependent on H202 and heme for its production and is most likely a chloramine (12a PMNs in vivo. In addition these compounds may be important mediators of inflammation (12a) .
The chemical characteristics of this stable oxidant, combined with observations by others indicating that the granulocytes metabolize thyroid hormone (3, 5, 10, 19) , led to our current experiments. Several investigators have reported evidence that stimulated granulocytes have the capacity to deiodinate thyroid hormones (10, 19) and that this property of leukocytes may relate to the increased turnover of thyroid hormones observed in patients with infections (3, 5) . Further, Klebanoff and Green suggested that the metabolism of thyroid hormones by PMNs may be in part related to a ROS produced by the MPO enzyme system (10) . Therefore, the capacity of the stable oxidant released by PMNs to oxidize I to 12 and to fix halogen to protein suggested to us that it might also be able to react with thyroid hormones. To establish that the oxidant released by PMNs could metabolize thyroid hormones, we studied the capacity of activated supernatants from stimulated granulocytes to convert 3,3,5'-triiodothyronine (T3) to thyroxine (T4) in the presence of halogen. This system was chosen because a sensitive immunoassay is available for the measurement of T4. We believed that these experiments would provide further evidence for the iodine-fixing capacity of the stable ROS released by PMNs, as well as suggest a role for this oxidant in the metabolism of thyroid hormones in diseases in which granulocytes are activated. We have shown that the stable oxidant released by granulocytes is able to produce T4 when incubated with T3 and potassium iodide.
MATERIALS AND METHODS
Cell preparation. Venous blood from healthy volunteers was collected in EDTA (0.3 ml of 5% solution per 10 ml of whole blood. Leukocytes were isolated by dextran sedimentation. Whole blood was incubated at 37°C for 1 h in 0.1 volume of 4% dextran. The plasma, containing leukocytes and platelets, was removed, mixed in Seligman balanced salt solution, and layered over a standard Ficoll-Hypaque mixture to remove platelets and mononuclear cells (11, 13 
RESULTS
Effect of the addition of T3 and KI to supernatants of stimulated granulocytes. The addition of T3 (final concentration of 1 jig/ml) and 5 mM KI (molar excess) to 1 ml of supernatant from granulocytes stimulated by opsonized zymosan particles resulted in the formation of T4 (Table 1 ). In one experiment in which a serial dilution of the number of cells employed was used, there was a progressive decline in the amount of T4 produced (data not shown).
A significant difference exists between the T4 production of stimulated and unstimulated granulocytes. When no T3 was added, the T4 assay yielded a value which was below the normal background (see the value obtained for "media alone + T3 or medium + zymosan + T3") for this assay. We also used unopsonized zymosan to stimulate the granulocytes. This resulted in T4 production similar to that of unstimulated granulocytes ( Table 1) .
Addition of metabolic scavengers and inhibitors to the granulocyte suspensions. The granulocyte suspensions were supplemented with given reagents. After incubation with zymosan, 1 ml of supernatants was recovered in the usual manner, and the capacity of the supernatant to fix 1-to T3 was determined ( Table 2) . The scavengers benzoate, mannitol, and SOD, when added to the granulocyte suspension, had no effect on the production of the factor, as evidenced by T4 amounts similar to those of the controls. The addition of azide and catalase diminished the production of T4. The presence of GSH and methionine in the granulocyte suspensions reduced the amount of T4 formed. Phenol also had an inhibitory effect (data not shown).
Addition of metabolic inhibitors and scavengers to the supernatants. In another set of experiments, the reagents were added to the 1 ml of supernatants along with the KI and T3, and the mixture was incubated for 15 min and assayed for T4 (Table 3 ). The azide and catalase did not interfere with the T4 production, whereas the GSH and methionine markedly decreased the amount of T3 converted to T4.
Recovery of T4 after the addition of T3 to granulocyte suspensions. In the past, many studies have described thyroid hormone degradation by phagocytosing leukocytes. Of interest to us was the effect of adding T3 to phagocytosing granulocytes. Therefore, to investigate the effect of granulocytes upon T4 production from T3, we added 0.05 ml of T3 (25 ,ug/ml) and 0.2 ml of KI (31.25 mM) to the granulocyte suspensions (18 x 106 cells per 1.93 ml). Zymosan was added after a 10-min preincubation, with the procedures that followed being similar to those previously described. One milliliter of supernatant was drawn off, incubated for 15 min (to keep the procedure identical to similar experiments), and assayed for T4. The results showed no net production of T4 (Table 2) . Additionally, a comparison of the last entries in Tables 1 and 2 suggests a loss of T3 due to degradation or uptake when it is exposed directly to phagocytosing granulocytes.
DISCUSSION Our results showed that granulocytes stimulated with opsonized zymosan particles released a factor into the surroundings which was able to carry out the iodination of T3 to T4 in the presence of excess F. Azide and catalase added to the preincubation prevented production of T4 from T3 by the supernatants, suggesting dependence on heme and H202 for production of the factor. Mannitol, benzoate, and SOD added to the granulocyte suspension had no effect on T4 production, ruling out hydroxyl or superoxide involvement. The addition of GSH and methionine decreased T4 production, as did the addition of cyanide. Azide and catalase, when added to the supernatants, did not alter T4 production, whereas it was decreased after the addition of GSH or methionine to the supernatants.
All of the above results are consistent with recent findings at our laboratory, which showed that an ROS was released into the supernatant by stimulated granulocytes, which was dependent on H202 and heme for its production but whose activity was independent of them once produced (12a). This ROS was able to oxidize GSH, react with methionine, linking it to the work of Tsan and Chen (16) , oxidize l-to 12, and fix 1-onto protein, linking it to Klebanoffs studies (6, 7, 9, 12) . The ROS involved was not hydroxyl or superoxide (12a). Our studies indicate that the stable ROS is most likely a derivative of hypochlorous acid such as a chloramine (12a). The present study indicates that the same factor is also able to convert T3 to T4 when I-is added to the supernatant. The nature of the reaction under our experimental condition is probably as follows. First, the stable oxidant is reduced by I-with the production of 12. The 12 then reacts with T3 to produce T4.
The significance of this finding may be an added understanding of the extent of the involvement of stimulated granulocytes in thyroid hormone metabolism in the disease state. An increased turnover of the thyroid hormones has been demonstrated in both rhesus monkeys (2) and humans (5) during bacterial infections. Although the mechanism is not known, increased T4 uptake and metabolism by granulocytes during sepsis have been shown (3) . Studies have also demonstrated that the deiodination of thyroid hormones that is induced by phagocytosis (10) is primarily dependent on increased T4 accumulation that accompanies phagocytosis (19) . The use of supernatants in our work allowed for a further clarification of the role of ROS generated by the MPO-catalyzed pathway. Our results suggest that, in the disease state, phagocytosing granulocytes release a stable ROS into the surroundings capable of converting T3 and T4. Presumably, this stable oxidant would be able to react with T3 after the granulocytes have ceased generating other ROS such as superoxide, hydrogen peroxide, hypochlorous acid, and hydroxyl radical (12a).
The capacity of azide and cyanide to inhibit the formation of the stable oxidant suggests that MPO is required for its production. However, this requires additional study since it has been suggested that the metabolism of thyroid hormones by granulocytes may also be mediated by an MPO-independent system (19) . Also, we may have underestimated the amount of T3 conversion to T4 since the focus of our experiments was not upon the degradative process of thyroid hormones. The extent of the degradation of T4, once formed, remains a topic for further study. One aspect of our work that also needs further investigation is whether the T3-to-T4 conversion occurs with lower concentrations of iodide than those employed in this study.
In summary, our study demonstrated the release of a on October 28, 2017 by guest http://iai.asm.org/ Downloaded from stable ROS into the supernatant by phagocytosing granulocytes which is capable of converting T3 to T4. In addition, our results suggest that this ROS is the same one that our group has recently identified in the supernatant of phagocytosing granulocytes, capable of oxidizing GSH and methionine, as well as fixing 1-to protein. The ROS in question is independent of phagocytosing granulocytes, once formed. The ROS appears to be the same as that shown by Tsan to oxidize methionine (16) . The stable oxidant is most likely a compound dependent on hypochlorous acid for its production, such as a chloramine. Recent experiments indicate that MPO-independent iodinating systems requiring hydroxyl radicals exist (8) . The possibility that the MPO-independent ROS involved in our study is hydroxyl radical appears to be excluded by the scavenger experiments and by the inherently unstable nature of hydroxyl radicals (4).
